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290a Monday, February 27, 2012voltage at a frequency of 2 kHz reveals piezoelectricity of cell membrane per-
pendicular to membrane surface Consequently, our results indicate that com-
pression or tension of the membrane structure will lead to the change of
membrane potential, suggesting the piezoelectricity of cell membrane plays
an important role in physiological activities of cells such as cells communica-
tion and material transport.
*This work is supported by the National Natural Science Foundation of China
(No. 10804085 and 10774113).
1479-Pos Board B249
Secondary Structure Formation by Bilayer-Active Peptides Studied by
Freeze-Fracture Electron Microscopy: From Disc Micelles to Cochleate
Cylinder
Brigitte Papahadjopoulos-Sternberg.
NanoAnalytical Laboratory, San Francisco, CA, USA.
Melittin, a 26 amino acid, amphipatic peptide, is known for its hemolytic activ-
ity but some short-chain, cationic peptides show antimicrobial properties. Em-
ploying freeze-fracture transmission electron microscopy (ff-TEM) we
investigated structural modifications within bilayers caused by these two
membrane-active peptide groups. Ff-TEM as a cryofixation replica technique
is a powerful tool to explore bilayer alterations in a probe-free mode down
to a resolution limit of 2nm. Moreover, the fact that the fracture plane follows
the area of weakest forces allows insides into the hydrophobic center of lipid
bilayer [1]. Here we report the formation of disc micelles as a result of the re-
versible bilayer to micelle transformation caused by melittin in synthetic lipid
bilayer [2]. Furthermore, we explored lipid domain formation in lipid films
mimicking the lipid pattern of cytoplasmic membranes of Gram negative bac-
teria by arginine-rich antimicrobial peptides [3]. Additionally to lipid domains
we observed secondary structure formation such as doughnut-type structures
caused by arginine-rich peptides and cochleate cylinder (CCC) triggered by
lysine-rich peptides. The new type of CCC has been proven to encapsulate
and transport traditional, ineffective antibiotics such as erythromycin to resis-
tant bacteria cells. The double-function of these antimicrobial peptides in form-
ing CCC and promoting encapsulation and effective delivery of traditional
antibiotics in/by these assemblies provides an interesting approach combating
bacterial multidrug resistance [4].
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The development of new bio-mimetic nanocontainers has multiple properties
and applications in chemistry, biomedicine and nanotechnology. At this end,
lipid vesicles have showed to be effective nanocontainers able to encapsulate
a multitude of molecules successfully. However, the lipid membrane shows
a poor chemical and physical specificity, what has been solved by functional-
izing it with target-specific ligands as peptides, carbohydrates, antibodies, etc.
Herein we present a new generation of liposomes based on the functionalization
of their bilayer by anchoring single-strand DNA block copolymers (DBCs),
such that free oligonucleotide (ODN) sequence can hybridize with its comple-
mentary strand. DBCs have been presented recently as a powerful tool in nano-
science because their high specifity.1 The strong and highly specific hydrogen
bonding of the DNA provides important functionality to liposomes and increase
the number of potential applications in bioengineering and nanotechnology. In
this work we present the successful results obtained in the stable incorporation
of DBCs (consisted of 22-mer ODN linked to polypropylenoxide) in lipid
membranes by a designed FRET experiment. Furthermore, this work shows
some advances in the applications of functionalized DBC-lipid liposomes.
We have increased the effectiveness of the usually disabled cargo release in
lipid vesicles by the selective hybridization of DBC-lipid vesicles with a com-
plementary DNA attached to a highly efficient photosensitizer. These photosen-
sitizers are molecules that generate singlet oxygen (1O2) after light irradiation
and which high reactivity provokes powerful damage on biological systems as
lipid membranes. The designed hybridization architecture forces to the photo-
sensitizer to be closer to the lipid bilayer, such that it is damaged by the 1O2,
giving rise to efficiently cargo release.1. Alemdaroglu, F.E. et al. Org Biomol Chem 2007, 5, 1311; Alemdaroglu, F.E.
et al. Angew Chem Int Edition 2007, 46, 1172.
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Detergents, such as Triton X-100, are widely used as solubilizing agents of bi-
ological membranes. Due to their amphiphilic character, detergents are incor-
porated in lipid bilayers at low concentrations, but are able to solubilize the
membrane at higher concentrations. Here we study the incorporation of Triton
X-100 into model membranes of different lipid composition and the subsequent
membrane solubilization. The membranes were composed of pure POPC (pal-
mitoyl oleoyl phoshatidylcholine), pure SM (sphingomyelin) and binary mix-
tures of these lipids with 30 mol% cholesterol. The process of incorporation/
solubilization was followed at room temperature by optical microscopy of giant
unilamellar vesicles (GUVs), isothermal titration calorimetry (ITC) and turbid-
ity measurements. Optical microscopy revealed different responses of GUVs to
Triton X-100, depending on membrane composition. Incorporation of Triton
X-100 in the bilayer caused an increase in the surface area of GUVs composed
of POPC, changes in the spontaneous curvature of GUVs of POPC/chol, and no
morphological effects in GUVs made of SM and SM/chol. These observations
were discussed in terms of a modulation of the flip-flop rate of bilayer-
incorporated Triton X-100 by membrane phase and packing. Eventually, Triton
X-100 was able to solubilize GUVs composed of POPC, POPC/chol and SM.
During the solubilization process several holes opened and the bilayer gradu-
ally vanished. On the other hand, GUVs composed of SM/chol were insoluble
in Triton X-100. ITC and turbidity measurements were used to determine the
incorporation and solubility thresholds of Triton X-100 in the different mem-
brane compositions. Financial support: INCT-FCx and FAPESP.
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A novel assay using D-enantiomers of phospholipids as diluents for character-
izing surface kinetics of lipid hydrolysis by phospholipases was employed to
investigate interfacial phospholipase activity. The rationale of the method, ver-
ified in previous work, are: (i) D-enantiomers resist hydrolysis because of the
stereoselectivity of the enzymes toward L-enantiomers and (ii) mixtures of
LþD-lipids at various L:D ratios but constant LþD-lipid concentrations yield
a surface dilution series of variable L-lipid concentration with constant medium
properties. Kinetic characterization of bee-venom phospholipase A2 activity at
various types of interfaces including mixed (LþD)-lipid vesicles and bile saltþ
phospholipid aggregate-water interfaces was performed. The data were fit to
a kinetic model and interface kinetic parameters were obtained. Activity was
measured by fluorescence as well as pH-Stat methods. In the fluorescence
method, the free fatty acid (FFA) binding protein, ADIFAB, was used. FFA
is produced upon lipid hydrolytic breakdown. The fluorescence emission
from the bound FFA-ADIFAB complex occurs at a longer wavelength than
that from the unbound ADIFAB. The rate of hydrolysis is determined from
the rate of increase of FFA bound ADIFAB fluorescence and decrease of un-
boundADIFABfluorescence. Activity data show excellent agreement with a ki-
netic model derived with D-enantiomers as diluents. Interface kinetic
parameters show clear differences between different interfaces. The significant
outcomes are (i) the novel assay itself; (ii) its ability to determine interface spe-
cific kinetic parameters and thereby (iii) characterization of interface specificity
of lipolytic enzymes.
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In this study, we performed Molecular Dynamics simulations to determine the
free energy profile in order to elucidate the interactions involved when extract-
ing a lipid molecule from a lipid bilayer. Simulations of a POPC membrane
containing a modified DOPE lipid (a model system for the biotinylated
DOPE lipids used in AFM experiments) were performed using the Gromacs
software package. The modified lipid molecule is first pulled out of the
Monday, February 27, 2012 291amembrane at constant rate to certain z-positions normal to the membrane sur-
face. Umbrella sampling simulations starting from those specific z-positions are
then used to reconstruct a potential of mean force where the distance between
the pulled lipid and the membrane is used as reaction coordinate. The simula-
tions allow us to determine the factors (e.g. interfacial interactions, enthalpic/
entropic contributions) affecting the free energy profile and the force needed to
extract a lipid molecule from the membrane. These results are relevant for un-
derstanding processes involving hydrolytic, interfacially active enzymes where
lipids need to be extracted before the enzyme can perform its function. We also
studied the interactions between the antimicrobial magainin homolog MG-H2
with a POPC bilayer and its effect on the free energy profile of extracting the
lipid molecule from the membrane.
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It is experimentally known that the viscosities of aqueous solutions are the
dominant source of friction in the dynamics of lipidic pores in large vesicles.
Building on an existing model of others in which membrane viscosity is as-
sumed to limit pore dynamics, a new theory is developed that also accounts
for aqueous viscosity. The equations that describe pore dynamics leads to
a three-stage pattern, as in the prior theory, but the parameters of the new the-
ory agree with experiments. The dissipation of energy resulting from friction
between a membrane sliding against the aqueous solution, during changes in
pore radius, is derived from fundamental principles of fluid mechanics, and
the derived curve fits experimental data without the need to introduce fitting
parameters. The new theory is dependent on one constant of integration which
is obtained from the fluid mechanical equations for membrane sliding. The the-
ory also provides a new formula to calculate pore edge tension from experi-
mentally obtained data of rapid pore closure. Extending the theory to
smaller liposomes reveals the conditions under which membrane viscosity af-
fects pore dynamics.
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Deformation of liposomes upon adsorption at solid surfaces is an important pa-
rameter that is related to the lipid-surface interactions and that governs the ki-
netics of surface-adsorbed liposome transformations. It is challenging to study
in the case of nm-sized liposomes. The extent of adsorbed liposome deforma-
tion is expected to depend on the bilayer bending modulus. This parameter can
be varied in a predictable manner by changing the temperature. In this study,
we study the adsorption of dimyristoyl phosphatidyl choline (DMPC) lipo-
somes adsorbed TiO2 as a function of temperature by quartz crystal microbal-
ance (QCM). Using model-free analysis of QCM data, We show that the size of
surface-adsorbed DMPC liposomes follows the dependence of this lipid’s
bending modulus on temperature.
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ABSTRACT
The surface potentials of various PPI membranes facing a monovalent salt so-
lution were calculated by using non-linearized Poisson-Boltzmann formula.
The PPI used were PI, PIP and PIP2. As in our earlier study of surface poten-
tials of these PPI membranes, we assumed that the surface charges of the PPI
membranes are distributed on two different surface charge layers from the
membrane surface. The first layer is at the membrane surface, where one of
the phosphate group is linked to the glycerol group, while the second layer
is located at a distance, d, from the membrane surface comprising phosphate
groups on the inositol group in PIP(4) and PIP2(4/5). Such membrane surfaces
are facing a uni-univalent electrolyte solution. We also measured experimen-
tally the surface potentials of these PPI monolayers on various subphase so-
lutions by using an air-ionizing electrode placed just above the monolayer
surface. The subphase solutions used were the monovalent salt solution
with different concentrations of calcium ions added. We recorded the poten-tial DV (monovalent ion only subphase), and DV’ (with the subphse solution
containing calcium ions in addition). We obtained the potential differences
(DV - DV’) which are due to the calcium ion concentrations. With these
data (experimental and theoretical), we deduced the calcium ion concentra-
tions at the PPI membrane surfaces. It was concluded that the calcium ion
concentrations at the PIP2 membrane surfaces are much higher compared
with PI and PIP membranes, even with very small bulk calcium concentra-
tions. This may imply important molecular roles of PIP2 membranes in
many biological systems.
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Simulations offer a well-controlled system to explore lipid monolayer me-
chanical properties. This work concerns the spontaneous curvature and bend-
ing rigidity. Two methods for calculating the spontaneous curvature are
compared, one using the calculated stress of a flat lipid bilayer, one computing
the osmotic pressure of the inverse hexagonal phase at various hydration
levels. New methodology necessary to evaluate the osmotic pressure is pre-
sented, and the limitations of both techniques are discussed. Simulated me-
chanical properties for DOPE and DOPC bilayers are in good agreement
with a closely corresponding published experiment. These results indicate
that the combination of the CHARMM forcefield and software package is
a promising approach for efficiently estimating how lipid chemical features
(e.g., head group, tail length, saturation) determine the mechanical properties
of lipid bilayers.
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Due to their small size, nanoparticles have the ability to penetrate cell mem-
branes, and are therefore classified as potential human carcinogens. Nanopar-
ticle insertion into targeted cells also proves beneficial for drug delivery and
gene therapy applications, prompting a need to more thoroughly characterize
nanoparticle/membrane interactions. Polystyrene nanoparticles with modifica-
tions in surface functionalization and detergent conditions were introduced to
a Langmuir phospholipid monolayer, a model of the outer leaflet of the cell
membrane. Negatively charged (COO- functionalized) detergent free nanopar-
ticles introduced beneath a zwitterionic 1,2-dimyristoyl-sn-glycero-3-phospho-
choline monolayer held at constant, physiological pressure solubilized the
phospholipid layer, removing material from the air/water interface, to a greater
extent than did positively charged (NH3
þ functionalized) nanoparticles. To
further examine the role of lipid charge, negatively charged 1,2-dilauroyl-sn-
glycero-3-phospho-(1’-rac-glycerol) and positively charged 1,2-dimyristoyl-
3-trimethylammonium-propane lipid monolayers were used. Nanoparticles
of opposite charge removed a larger percentage of the monolayer com-
pared to like-chargedparticle/phospholipid systems illustrating the role of
electrostatics.
Ionic and non-ionic surfactants, typically present in nanoparticle solutions to
prevent aggregation, were introduced beneath the monolayer and all detergents
showed significant insertion which directly correlated to surfactant hydropho-
bicity. Adding a low mol% of surfactant to detergent-free nanoparticle solu-
tions decreased the amount of monolayer destruction compared to
nanoparticles alone. At increased detergent concentrations in the nanoparticle
solutions, insertion into the monolayers was intermediate in behavior between
the particles and surfactant alone. To better understand how nanoparticles and
detergents interact with each other and with the membrane, either nanopar-
ticles or detergents were introduced beneath the monolayer, and following
a time lapse, the other component was introduced. A model of detergent se-
questration by the polystyrene nanoparticles has been developed to explain
these results.
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We present a unified continuum-level model for (cholesterolþlipid) membrane
energetics that includes the effects of bending, compression, molecular orien-
tation (tilting relative to the monolayer surface normal), and microscopic noise
(protrusions). Expressions for thermal fluctuation amplitudes of several physi-
cal quantities are given. These predictions are shown to be in good agreement
with molecular simulations.
